The specificity of random primer R 143 for A~pergillusfumigatus DNA was determined in order to test its usefulness in establishing the presence of A. fumigatus DNA in fungal cultures. When PCR reaction products of these cultures were compared with those of 21 other bacterial and fungal DNA samples, R143 proved to produce a 1346 bp band with only A. fumigatus. This band has been sequenced completely and the EcoRI restriction site was used for subsequent confirmation of PCR products. The specificity for A. Jurnigatus DNA was also confirmed by Southern blotting. Comparison of morphological typing of Aspergillus species in cultures with PCR using R 143 on DNA isolated from these cultures showed concordance in 22 of 24 cases. In two cases there was discordance: both times PCR results showed correctly the presence of A. furnigatus, initially not detected by culture. R143 is an A. furnigatus specific random primer, with potential for use in detection of A. Jumigatus DNA in clinical specimens.
Introduction
The polymerase chain reaction (PCR) has proven to be a reliable and sensitive tool for amplifying specific DNA sequences. Applied in microbiology, this technique has enabled screening for the presence of DNA of some microorganisms where detection with conventional techniques would have failed.
The development of specific primers and techniques for amplification of A. fumigatus DNA has been reported [1] [2] [3] . This fungus is increasingly encountered as a cause of serious infections in haemato-oncological patients. Thus, it is important to determine the presence of A.
fumigatus in haematology units because of a high infection rate caused by this mould [4] , especially invasive pulmonary aspergillosis. Besides the fact that air sampling and subsequent culturing are laborious, there are often interspecies differences in phenotype expression. To resolve the latter problem, we have studied R143, a random primer, which is specific for A. fumigatus [5] .
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Materials and methods
At the haematological unit of the University Hospital Groningen, airborne conidia were collected using a Casella sampler (K-T 13700/1, Casella Ltd, UK) onto Sabouraud glucose agar (Merck, Darmstadt, Germany). The inoculated plates (14 cm) were incubated for at least 5 days at 28 °C. Thereafter, pure cultures were prepared on Sabouraud glucose agar and identified to genus using traditional colonial characteristics. Micromorphology was assessed by examination of microscopic slides prepared with lactophenol cotton blue [6, 7] . Only those fungi belonging to the genus Aspergillus were further identified to the species level [6, 7] . The fungi were kept at -70 °C in small plastic Microbank tubes containing a cryopreservative fluid and glass beads (Pro-lab diagnostics, Richmond Hill, Ontario, Canada). The inoculated cryovials were stored at -70 °C.
All Aspergillus strains were inoculated into tryptonglucose broth (Oxoid, Basingstoke, Hampshire, UK) in 0"5 1 and incubated at 35 °C in a shaker (200 rev min 1) for 4-7 days, depending on the growth rate of the strain. The mycelium was harvested by filtration using cheesecotton cloth, placed in a 50 ml falcon tube and stored at -80 °C until needed.
Genomic DNA was isolated by the method of Reader & Broda [8] . Briefly, 50 mg of freeze-dried mycelium was pulverized under liquid nitrogen and dissolved in 500/~1 extraction buffer (200 mu Tris, 250 mM NaC1, 25 mM EDTA 0"5% SDS pH 8"5) and extracted with 350/tl phenol and 150/~1 chloroform. The mix was centrifuged for 1 h at 12 000 g. The aqueous phase was re-extracted with phenol, phenol/chloroform (1:1) and chloroform. The final supernatant was precipitated with 0.54 volume isopropanol and after centrifugation the pellet was washed in 70% ethanol and dissolved in 100/~1 10 mM Tris and 1 mM EDTA, pH 8"0.
PCR was performed on a Pharmacia LKB-Gene ATAQ Controller (Rosendaal, The Netherlands) in 50/A reaction mixtures containing 1 #g sample DNA, oligonucleotides (total 2/~1), nucleotide mix dATP, dCTP, dGTP, dTTP (final concentration of each 200 nM), 35 mM MgCI2, 50mM NaC1, 10mM Tris-HC1 pH 9"0 and 2-5 unit Taq-DNA-polymerase (Pharmacia, Rosendaal, The Netherlands). The cycle protocol was one cycle for 3 min at 94 °C, 1 min 35 °C annealing and 2 rain 72 °C elongation followed by 30 cycles with the regime: 1 min 96 °C, 1 min 35 °C and 1 min 72 °C.
PCR reactions of R143 with DNA of the fungal isolates from the air samples were performed blindly. Aliquots of 10/ll were analysed by electrophoresis on a 1.5% agarose gel stained with ethidium bromide.
Sequencing primers were synthesized on a GeneAssembler plus (Pharmacia Biotech BV, The Netherlands) according to the procedure recommended by the supplier (TCGCAGAACG). A 1346 bp PCR product was cloned in the TA®-cloning vector of Invitrogen (Leek, The Netherlands) according to the manufacturer. Subsequently the 1346 bp fragment was sequenced according to Sanger et al. [9] using a Pharmacia LKB-A.L.F. DNA sequencer (GenBank AF 004837). A single EcoRI restriction site, recognized after sequencing of 1346 bp band, was used as an additional control for confirming the presence of A. fumigatus in a sample.
To determine its specificity R143 was used as a primer in amplification reactions with template DNA from two bacteria and 25 fungi: Escherichia coli (n = 1), Staphylococcus aureus (n = 1), Candida albicans (n = 14), Candida famata (n = 1), Candida guilliermondii (n = 1), Cryptococcus neoformans (n= 1), Candida glabrata (n= 1), Fusarium sp. (n = 1), Paecilomyces variotii (n = 1), Penicillium chrysogenum (n = 2), Penicillium marneffei (n = 1), Pseudallescheria boydii (n = 1) and Rhizopus sp. (n = 1). In addition, PCR was performed with six aspergilli other than A. fumigatus isolated from the haematology unit (A. flavus, Eurotium amstelodami (syn.
A. hollandicus), A. nidulellus (syn. A. nidulans), A. niger, A. terreus and A. ustus).
Specificity for A. fumigatus was confirmed by Southern blotting and hybridization of the PCR products from the 20 control strains. Forty microlitres of the PCR samples was run on a 15% agarose gel. The gel was depurinated in 0.25 y HC1, denatured in 0-5 N NaOH 1-5 U NaC1 and transferred to a nylon membrane (Hybond; Amersham Int, Bucks, UK) by diffusion blotting in 0.5 M NaOH 1.5 M NaC1. Membranes were prehybridized in 0'5 M NaHzPO 4 (pH 7.2)-7% SDS 1 mM EDTA at 65 °C for 2 h. Hybridization was performed during 16 h at 65 °C in the same buffer. As probe was used a 265 bp EcoRI-XhoI fragment of the 1346 bp PCR product labelled with [a-32P] dCTP by the random hexamer priming method [10] . The blots were washed twice at 65°C in 2 x SSC-0.1% SDS, once in 1 x SSC 0.1% SDS and once in 0"3 x SSC-0"I% SDS. Kodak Royal X-Omat films were exposed to the blots for 1 h between intensifying screens (Dupont) at -80 °C. (Fig. 1) . The single band of 1346 bp was always found only with A. fumigatus DNA, being present in all isolates of A. fumigatus. The predicted amino acid sequence of this band showed 30% homology with Saccharomyces cerevisiae [11] and a rat protein essential for vacuolar biogenesis, maturation and function. It is involved in the sorting of vacuolar proteins from the Golgi apparatus and their targeting into the vacuole. The single EcoRI site at bp position 814 was used to distinguish it from the band from A. ustus. As expected, the A. Jumigatus band was digested into two fragments consisting of 814 bp and 531 bp. This was not the case for the A. ustus band (Fig. 2) .
Results
Gel electropheresis of PCR products obtained after PCR
The results of PCR reactions using R143 and other fungal and bacterial DNA are shown in Fig. 3 . The specific 1346 bp product was seen only with A. fumigatus DNA, while different PCR products were seen with other DNAs. For discrimination of these PCR products from the 1346 bp fragment, digestion of these fragments with EcoR1 was performed. No products of 814 bp and 531 bp, as expected in case of the A. fumigatus, were detected (Fig. 2) .
In order to further determine the discriminating ability of primer R143, from other PCR products, Southern blotting was performed as described previously [10] . Blotting results showed clear hybridization with the PCR product of A. fumigatus DNA (Fig. 4) From the air samples taken at the haematology unit 73 different filamentous fungi were isolated. Based upon morphology, 28 of them were initially identified as Aspergillus spp. PCR analysis of four of these, however, was not possible because of insufficient isolated DNA (A. versicolor (n = 1), A. nidulellus (n = 1) and A. Jumigatus (n = 2)). The vast majority of the remaining 24 isolates showed accordance between the PCR-RAPD and classical identifications based on morphology. Sixteen strains, morphologically recognized as A. fumigatus, showed a characteristic gel electropheresis band of 1346 bp. In six strains, identified as non-fumigatus, this was not the case (A. nidulellus (n = 1), A. niger (n = 2), A. terreus (n = 1), E. amstelodami (n = 1) and A.flavus (n = 1)). In two cases the results were conflicting. By PCR-RAPD reaction in two isolates (i.e.A. ustus and E. amstelodami) the 1346 bp band was seen, indicating the presence of A. fumigatus DNA, while morphologically this was not detected in the original cultures. Rexamination of these two strains revealed that both were contaminated with A. fumigatus.
Discussion
The results of our study on the discriminating ability of the random primer R143 demonstrated its potential to reliably distinguish A. fumigatus DNA from DNA of most other medically important fungi. Our analysis on its specificity for A. fumigatus expanded upon the data contained in the literature [4] . Among 30 different template DNAs from 21 species of medically important microorganisms primer R143 produced a single A. fumigatus 1346 bp product. Additional confirmation of this band was its specific digestion with EcoRI. These results were confirmed by Southern blotting. In comparison with RAPD methods, like restriction endonuclease analysis [12] , minisatellite fingerprinting [13] and CA repeats [14] can be more time-consuming, while others, as fingerprinting of repetitive sequences [15] and non-specific DNA fragments [16] from PCR are more or less equal. Specific primers for A. fumigatus DNA have been developed and can serve as a reliable detection method [17] .
Important advantages of RAPD determination of A. fumigatus with R143 primer compared with conventional methods include its speed and simplicity. Conventional morphological-based identification of a fungal isolate is the gold standard, which at times can be laborious and difficult. RAPD analysis, including growing of the fungus and isolation of its DNA required 5-8 days, while conventional identification methods required in some cases several weeks. As shown in our study, morphological identification can prove faulty, particularly if the culture is not pure. It is a common temptation to assume that isolates are always pure cultures. PCR analysis has some limitations, too. Amplification can result in several different PCR products, even within the same fungal species. DNA from different isolates can be variable. This is not unusual when random primers are used. 
